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ABSTRACT
Infection with H. pylori has been associated with gastroduodenal diseases such as gastritis, gastric ulcer, duodenal
ulcer, gastric cancer and mucosa- associated lymphoid tissue lymphoma (MALT lymphoma). The aim of this
study was to detect the relationship between clinically manifest gastroduodenal disease and the genotype of the
associated H. pylori organism. The study was conducted on 20 control subjects and 100 patients suffering from
upper gastro-intestinal symptoms in the form of dyspepsia, epigastric pain, vomiting, heartburn, hematemesis and
melena in which infection with H. pylori was detected by monoclonal antibody based H. pylori stool antigen test.
Upper gastrointestinal tract (GIT) endoscopy was performed in all subjects as well as samples from gastric antral
mucosa were obtained to detect H.pylori by rapid urease test, Polymerase chain reaction (PCR) for detection of
H.pylori strain and the presence or absence of its virulence factors. Results showed that CagA and VacA are two
virulence factors that can affect the clinical outcome of H.pylori and there was a significant positive association
between the presence of CagA+ve strains and gastroduodenal diseases. VacA s1 genotype was associated
significantly with gastroduodenal diseases but VacA m1 allele showed insignificant association.
KEYWORDS: H.pylori, CagA, VacA, gastroduodenal diseases, PUD, gastric malignancies.
INTRODUCTION
Helicobacter pylori (H.pylori) is a gram negative spiral
shaped microorganism about 3 micrometers (µm) long
with a diameter of about 0.5 µm. It is microaerophilic
and has 4-6 flagella that make it highly motile.[1]
H. pylori is one of the most common worldwide chronic
bacterial infections and is currently estimated that
approximately half of the world population is infected
with the bacterium. However, the prevalence of H. pylori
is not homogeneous, being less prevalent in western
countries.[2]
H. pylori colonizes the gastric epithelium of the human
stomach[3] early in life (<10 years of age) and remains
latent in the majority of infected patients.[4] It becomes
symptomatic later in life when the infection results in
development of gastroduodenal disease. The frequency
and severity of disease outcome differs between infected
patients and depends on interplay between the virulence
of the infecting strain of the bacterium, the type and
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severity of the patients’
environmental factors.[5]

immune

response

and

H. pylori strains possess specific virulence factors that
play an important role in the development of gastritis,
peptic ulcer diseases (PUD), gastric adenocarcinoma and
gastric mucosa associated lymphoid tissue lymphoma
(MALToma).[6] One of these virulence factors is the
CagA protein encoded by the cytotoxic associated gene
A (CagA) present in the genome of H. pylori. This toxic
protein when gains access to gastric epithelial cells
becomes active through its phosphorylation on tyrosine
residues by the host cell kinase. It stimulates cell
signaling pathways leading to cytoskeletal changes,
epithelial cell proliferation or cell apoptosis which if not
well regulated may lead to malignant diseases or
ulcers.[7] It may also disrupt apical junctional complexes
between epithelial cells leading to loss of barrier
function.[8] Most strains of H. pylori express CagA
protein but the protein differs in structure between
strains. CagA protein may have between zero and 5
active tyrosine phosphorylation sites. More sites lead to
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high levels of CagA phosphorylation in epithelial cells.
Strains with more sites are commonly isolated from
patients with precancerous gastric changes (atrophy and
intestinal metaplasia) as well as patients with gastric
cancer.[9]
The other virulence protein is VacA protein encoded by
the Vacuolating cytotoxic gene A (VacA) which is
present in the genome of all H. pylori strains. The mature
secreted VacA protein is polymorphic with variable
cytotoxic activity. The toxin is composed of regions; the
signal peptide region (s) and the intermediate or binding
region (m). The signal peptide region is of two types; s1
or s2, s1 type is active and s2 type is inactive. The
binding region is also of two types m1 or m2; m1 type is
active and m2 type is less active. VacA protein may
comprise any combination of s and m types. Type s1m1
VacA is fully active, type s1m2 is active but binds to
narrower range of cells; type s2m1 and s2m2 do not
induce Vacuolation.[10-11] VacA s1m1 and s1m2 strains
have been associated with peptic ulcer diseases and s1m1
strain has been associated with gastric cancer.[12] The aim
of this study was to detect the relationship between
clinically manifest gastroduodenal disease and the
genotype of the associated H.pylori strain.
MATERIALS AND METHODS
The present study was conducted on 100 Egyptian patients
having upper gastrointestinal symptoms and infected with
Helicobacter pylori. They were submitted to upper
gastrointestinal endoscopy in gastroenterology department
of Alexandria university hospital. Also, 20 asymptomatic
persons were included as controls.
Selection criteria
Inclusion criteria: Patients with H. pylori infection
documented by stool antigen test for H. pylori.
Exclusion criteria
 Patients aged > 70 years old.
 Patients with hepatic failure.
 Patients with renal failure.
 Patients with cardiac failure.
 Patients with bleeding and/or coagulation disorders.
 Patients taking antisecretory drugs.
 Patients receiving anti-Helicobacter pylori antibiotic
or bismuth in the prior six months.
All patients stopped any anti-ulcer therapy and antibiotics
for at least two weeks before enrollment in this study. An
informed consent was obtained from all subjects, and the
study was approved by the ethics committee of Alexandria
University.
All of the subjects included in the study were subjected
to:
1) Full history taking with particular stress on:
 Analysis and duration of the complaint (epigastric
pain, heartburn, dyspepsia, vomiting, hematemesis,
melena and loss of weight).
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History of smoking, drug intake, and any associated
diseases.
History of any operations and/or procedures and
complications if present.

2) Complete clinical examination
3) Laboratory investigations
a- Routine investigations including CBC, fasting blood
sugar, renal function tests, liver enzymes,
prothrombin time and activity.
b- Detection of Helicobacter pylori by monoclonal
antibody based H. pylori stool antigen test.[13]
4) Upper gastrointestinal endoscopy and biopsy
Diagnostic
upper
gastrointestinal
endoscopic
examination was done to all subjects, the endoscopic
findings were recorded. From these patients, gastric
biopsy specimens were taken from the antrum within 2
cm of the pyloric channel for rapid urease test (one tissue
biopsy), PCR assay (one tissue biopsy), microbiological
examination (three fragments), and histopathological
examination (three fragments).
Endoscopic
observation
and
histopathologic
confirmation were used to determine patients’
pathologies. The benign gastroduodenal diseases were
divided into the following general categories: nonerosive gastritis, gastric ulcer disease (erosive gastritis
and ulcers) and duodenal ulcer disease (duodenitis and
duodenal ulcers), whereas the malignancies included
gastric adenocarcinoma and primary gastric lymphoma.
5) Polymerase chain reaction (PCR) examination
DNA extraction
DNA was extracted from biopsy specimens using
QIAamp DNA Mini Kit with tissue DNA extraction
protocol.The sample was put in 180µl of buffer ATL
(QIAGEN) with 20µl of proteinase K and then incubated
overnight at 56°C. After lysis of the sample, 200µl of
buffer AL was added to the sample and the mixture was
incubated for 10 min at 70°C. The mixture was then
combined with 200 µl of absolute ethanol and mixed by
pulse-vortexing for 15 s. The mixture was applied to a
spin column, which holds a silica gel membrane, and
spun for 1 min at 6,000 × g. The spin column was
washed with 500 µl of buffer AW1 and then AW2 by
centrifugation at 20,000 × g for 1 and 3 minutes
respectively. The DNA bound on a membrane was eluted
by centrifugation with 50 µl of buffer AE after a 5-min
incubation at room temperature. The resulting DNA
extracts were stored at - 20°C until PCR assessment.
PCR amplification for detection of H.pylori DNA[14]
The PCR was performed with primers for urease gene
ure
C
(136
bp)
5'
–
AAGCTTTTAGGGGTGTTAGGGGTTT–3' and 5'–
CGCAATGCTTCAATTCTAAATCTTG–3' indicative
of H. pylori infection. Amplification was performed in a
final volume of 50 µl of PCR mixture containing 0.8 µm
of each primer, 10 mM of each deoxy nucleotide
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triphosphate (dATP, dGTP, dTTP and dCTP). 10 mM
tris HCl, 50 mM KCl. 0.1% triton X– 100. 1.5 mM
MgCl2, 1 unit of DNA polymerase (Fermentas) and 10µl
of template DNA. DNA amplification was carried out as
follows: Denaturation at 94oC for 5 minutes in the first
cycle, followed by annealing for 30 seconds at 60 oC,
extension for 2 minutes at 72oC, and denaturation for 30
seconds at 94oC for a total of 40 PCR cycles. The
extension for the last cycle was increased to 5 minutes to
ensure complete extension of the amplified fragment.
The PCR products were resolved by 2% agarose gel
electrophoresis and were visualized after ethidium
bromide (0.5µg/ml) staining, using an UV
transilluminator and photographed by Polaroid camera.
Multiplex PCR to detect H. pylori CagA and VacA
genotypes[15]
PCR was performed to detect CagA and VacA (s1/s2,
m1/m2) using primers for CagA, and the signal regions
(s1 & s2) and mid regions (m1 & m2) of the VacA gene.
Amplification was performed in a final volume of 50 µl
of PCR mixture containing 0.5 µM of each primer, 10
mM of each deoxy nucleotide triphosphate (dATP,
dGTP, dTTP and dCTP). 10 mM tris HCl, 50 mM KCl.
0.1% triton X– 100. 1.5mM MgCl2, 1 unit of DNA
polymerase (Fermentas) and 10 µl of template DNA.
DNA amplification was carried out under the following
general conditions: 30 cycles of 94° C for 1 min, 55°C
for 1 min and 72°C for 1 min. The amplified genes were
detected by electrophoresis in a 1.5% agarose gel with
ethidium bromide and bands were visualized using an
UV transilluminator and photographed by Polaroid
camera.
Statistical analysis was performed using SPSS version
18.0. Cross-tabulation, frequency tables and chi-square
tests were derived in order to detect any association
between different variables under study.

RESULTS
1. Demographic data (table 1)
Table 1: Age and sex distribution among cases and
controls.
Age
Sex No (%)
Male
Female
(Mean  SD)
Cases
38.4  12.39 45 (45%) 55 (55%)
Controls
11 (55%) 9 (45%)
29.5  6.62
Test
t = 4.61
2=0.67
(p-value)
(<0.001)*
(0.413)
t: T test
2: Chi square test
P: probability value
*: Statistically significant at p ≤ 0.05
2. Clinical data (table 2)
The main complaint was epigastric pain and vomiting in
35 patients (35%) followed by heartburn and dyspepsia
in 28 patients (28%), hematemesis in 27 patients (27%)
and melena in 10 patients (10%).
Table 2: Clinical presentation of patients.
Clinical presentation
No of patients
Epigastric pain &vomiting
35
Heart burn &dyspepsia
28
Hematemesis
27
Melena
10

%
35%
28%
27%
10%

3. Endoscopic findings (table 3)
The most common endoscopic finding was non-erosive
gastritis (n= 54, 54%) followed by peptic ulcer diseases
(n= 39, 39%) and gastric malignancy (n=7, 7%). Gastric
adenocarcinoma was diagnosed in 5 patients, while
lymphoma was diagnosed in 2 patients.

Table 3: Endoscopic findings endorsed by histopathological examination.
Peptic ulcer diseases
Nonn=39 (39%)
Endoscopic
erosive
findings
Gastric ulcer
gastritis
Duodenal ulcer disease
disease
NO.
54
26
13
%
54%
26%
13%

Gastric malignancy
n=7 (7%)
Adenocarcinoma

Lymphoma

5
5%

2
2%

4.Virulence factors of H. pylori
Types of H. pylori (table 4)
By using tissue PCR, the prevalence of CagA and VacA
expression to define the type of H. pylori was performed.
For that purpose, the strains were categorized into 3
types: type I expressing both CagA and VacA, type II
expressed neither CagA nor VacA, type III expressing
CagA only. The predominant H. pylori type in our
patients was type I (n=53, 53%). The prevalence of type
I H. pylori in non-erosive gastritis, peptic ulcer diseases
and gastric malignancy was 57.4% (31 of 54), 48.7% (19
of 39) and 42.9 % (3 of 7), respectively. In controls, type
II H. pylori was the most common type (n=16, 80%).
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Table 4: Types of H. pylori among cases and controls.
Type I
Type II
Type III
CagA+ve
CagA-ve
CagA+ve only
VacA +ve
VacA –ve
Cases
53 (53%)
6 (6%)
41 (41%)
No(%)
Controls
1 (5%)
16 (80%)
3 (15%)
No (%)
2
Test (p-value)
 =61.388 (<0.001)*
I. CagA status (table 5)
Most of the cases were CagA+ve (94%) while CagA +ve
strains were present in 4 of the control subjects (20%).
This association was statistically significant (p<0.001).

In comparison between cases and controls, there was a
significant positive association between H. pylori

100 (100%)
20 (100%)

II. VacA status (table 5)
53 patients were VacA +ve (53%) while only one control
subject was VacA +ve (5%). There was a significant
association between the VacA positivity and the disease
status(p<.001).

Table 5: CagA and VacA status among cases and controls.
CagA
+ve
-ve
Cases
94 (94%)
6 (6%)
No (%)
Controls
4 (20%)
16 (80%)
No (%)
2
Test
 =60.96
(p-value)
(<0.001)*
OR
62.67 (15.99-247.04)
(95%CI)
2: Chi square test
P: probability value
*: Statistically significant at p ≤ 0.05
OR: Odds ratio
CI: Confidence interval
III Relationship between virulence factors and nonerosive gastritis comparing cases and controls (table 6).

Total

VacA
+ve

-ve

53 (53%)

47 (47%)

1 (5%)

19 (95%)

 = 15.515
(<0.001)*
2

21.43 (2.76-166.24)

virulence factors (CagA and VacA) and non-erosive
gastritis.
For
CagA,
(FEP<0.001,
OR=104,
95%CI=17.41, 621.33), while for VacA, (p<0.001,
OR=25.61, 3.19-205.39).

Table 6: Relation between virulence factors and non-erosive gastritis comparing cases and controls.
CagA
VacA
+ve
-ve
+ve
-ve
Cases with non-erosive gastritis No (%) 52 (96.3%) 2 (3.7%) 31(57.4%) 23 (42.6%)
Controls
4 (20%)
16 (80%)
1 (5%)
19 (95%)
No (%)
Test
Fisher's Exact Test
2= 16.33
(p-value)
(FEP<0.001)*
(<0.001)*
OR
104, (17.41, 621.33)
25.61 (3.19-205.39)
(95%CI)
2: Chi square test
P: probability value
*: Statistically significant at p ≤ 0.05
OR: Odds ratio
CI: Confidence interval
FEP: Fisher's Exact p value.
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IV. Relationship between virulence factors and PUD
comparing cases and controls (table 7)
It was noticeable that the virulence factors (CagA and
VacA) were associated significantly with PUD when

comparing cases and controls. As regards CagA,
(P<0.001, OR=35, 95%CI=7.76, 157.94), while the
values for VacA were (p<0.001, OR=18.05, 2.19148.38).

Table 7: Relation between virulence factors and PUD comparing cases and controls.
CagA
VacA
+ve
-ve
+ve
-ve
Cases with PUD
35 (89.7%) 4 (10.3%) 19 (48.7%) 20 (51.3%)
No (%)
Controls No (%)
4 (20%)
16 (80%)
1 (5%)
19 (95%)
2=28.69
2= 11.28
Test (p-value)
(<0.001)*
(<0.001)*
OR (95%CI)
OR=35, (7.76, 157.94)
18.05, (2.19, 148.38)
2: Chi square test
P: probability value
*: Statistically significant at p ≤ 0.05
OR: Odds ratio
CI: Confidence interval
V. Relationship between virulence factors and gastric
malignancies comparing cases and controls (table 8)
There was a positive significant relationship between the
virulence factors (CagA and VacA) and gastric

malignancy. For CagA, (FEP<0.001, OR=0.2, 95%CI:
0.083, 0.481), while for VacA, (FEP =0.042, OR= 14.25,
95%CI: 1.16, 174.8).

Table 8: Relation between virulence factors and gastric malignancy comparing cases and controls.
CagA
VacA
+ve
-ve
+ve
-ve
Cases with gastric malignancy No (%) 7 (100%) 0 (0.0%) 3 (42.9%) 4 (57.1%)
Controls No (%)
4 (20%) 16 (80%)
1 (5%)
19 (95%)
Fisher's Exact Test (p-value)
FEP <0.001*
FEP =0.042*
OR (95%CI)
0.2, (0.083, 0.481)
14.25, (1.16, 174.8)
FEP : Fisher's Exact probability value
*: Statistically significant at p ≤ 0.05
OR: Odds ratio
CI: Confidence interval
VI. VacA s genotype in relation to endoscopic findings
among patients (table 9)
The most common VacA genotype among patients was
s2m1 (41.51%, 22 of 53), followed by s2m2 (22.64%, 12

of 53), then s1m1 (18.87%, 10 of 53) and s1m2 (16.98%,
9 of 53).

Table 9: VacA genotypes and the associated gastroduodenal disease among patients.
Endoscopic findings
VacA genotyping
Gastric malignancy Non-erosive gastritis peptic ulcer diseases
No.
2
3
5
s1m1
%
66.67%
9.68%
26.16%
No.
1
2
6
s1m2
%
33.33%
6.65%
31.58%
No.
0
17
5
s2m1
%
0.0%
54.84%
26.16%
No.
0
9
3
s2m2
%
0.0%
29.03%
15.79%
No.
3
31
19
Total
%
100.0%
100.0%
100.0%
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Total
10
18.87%
9
16.98%
22
41.51%
12
22.64%
53
100.0%
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VII. Relation of VacA s genotypes and endoscopic
findings (table10)
There was a significant association between s1 allele and
gastric malignancy (OR=33.73, 95% CI=1.52, 750.35,
P=0.010).
Table 10: Relation of VacA s genotypes and endoscopic findings.
Endoscopic findings
VacA genotyping
Non-erosive gastritis
PUD
Gastric malignancy
No.
5
11
3
S1
%
16.13%
57.89%
100.0%
No.
26
8
0
S2
%
83.87%
42.11%
0.0%
No
31
19
3
Total
%
100.0%
100.0%
100.0%

Total
19
35.85%
34
64.51%
53
100.0%

VIII. VacA m genotype in relation to endoscopic
findings (table 11)
There was insignificant association between m1 allele
and PUD or gastric malignancy (P=0.81).
Table 11: Relation between VacA m genotype and endoscopic findings.
Endoscopic findings
VacA genotyping
Non-erosive gastritis
PUD
Gastric malignancy
No.
20
10
2
m1
%
64.52%
52.63%
66.67%
No.
11
9
1
m2
%
35.48%
47.37%
33.33%
No.
31
19
3
Total
%
100.0%
100.0%
100.0%
Test
2=0.425 (P=0.81)
DISCUSSION
Helicobacter pylori (H. pylori) is one of the most common
world-wide chronic bacterial infections. H. pylori strains
differ, and possession of specific virulence factors greatly
increases the risk of the disease. The best recognized of
these are CagA and VacA proteins. The present study
investigated the relationship between clinically manifest
gastroduodenal disease and the genotype of the
associated H. pylori organism. According to the
demographic data; sex distribution was 55% females and
45% males. The majority of patients were at ages 35-55
years old. A positive correlation between age and
prevalence has been reported in both developed and
developing countries.[16] Regarding sex distribution,
there was insignificant relationship between the gender
and the disease status(x2=0.670, p=0.413).
The endoscopic findings were divided into the following
general categories: non erosive gastritis, peptic ulcer
diseases (gastric and duodenal) and gastric malignancies
(adenocarcinoma and lymphoma). The most common
endoscopic finding in our study was non erosive gastritis
(n=54, 54%) followed by peptic ulcer diseases (n=39,
39%) and finally gastric malignancies (n=7, 7%).
On the basis of the analysis of expression of these two
virulence factors (CagA and VacA).Isolates of H. pylori
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Total
32
60.38%
21
39.62%
53
100.0%

were divided into three types. Type I (expressing both),
type II (expressing neither factor), and type III (CagA
expression only). Our results suggested that type I was
the most prevalent type (n=53, 53%); the prevalence of
type I H. pylori in non-erosive gastritis, peptic ulcer
diseases and gastric malignancy was 57.4%(31of 54),
48.7%(19 of 39) and 42.9%(3 of 7) respectively.
As regards the CagA status; of one hundred patients
examined in this study, the CagA strain was detected in
94% while most of the controls were CagA –ve (80%).
This association was statistically significant (p<0.001).
This was similar to many studies reported in Africa and
other parts of the world.[17-19]
In Europe and North America, prevalence of CagA
positive H. pylori varies between 60% and 79% (e.g.
USA, 60%[20]; Spain, 66%([21] and England, 68%[22]),
whereas in Asia (e.g. Japan, Korea and China), the
proportion of CagA positive H. pylori strains is usually
over 90%.[23,24]
In previous studies, strains from Iraq, Turkey and Iran
possessing CagA were found in 71%, 78% and 76% of
the samples analyzed, respectively.[25] In Jordan, the
CagA genotype was detected in 26.4%.[26] While
Kuwaitis and other Arabian Gulf Arabs had essentially
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the same prevalence rate of about 41%, Egyptians had a
modest positivity of 35.7%.[27] In a study conducted in
Israel, CagA genes were present in only 25.5%.[28] The
prevalence of CagA positivity in Saudi Arabia was
52%.[29]
H pylori CagA positive strains have been associated with
more severe gastroduodenal diseases.[30] This study
showed a significant positive association between
presence of a CagA+ H. pylori strain and non-erosive
gastritis (p<0.001), peptic ulcer disease (p<0.001), and
gastric malignancies (p<0.001) in agreement with many
studies.[31,32]
The VacA is another H. pylori virulence factor. [33] Unlike
CagA, almost all H. pylori strains possess the
Vacuolating cytotoxin gene. Vacuolating cytotoxin
activity is related to the mosaic structure of VacA. In
general, type s1/m1 and s1/m2 strains produce high and
moderate levels of toxin activity, respectively, whereas
s2/m2 strains produce no vacuolating activity. A 12amino-acid hydrophilic amino-terminal segment, present
in type s2 but absent from type s1 VacA proteins, slows
the capacity of VacA to form membrane channels and
abolishes vacuolation. Heterogeneity among VacA
alleles may be an important factor in understanding
variations in clinical manifestations among H. pyloriinfected subjects.[34]
About half of the cases (53%) in our study were VacA
positive (not all the cases) this may be partly due to the
presence of different subtypes; not all of them were
detected by the primers used.
In our study, the prevalence of VacA s1 genotype was
35.85% (19 of 53 VacA +ve cases), while VacA m1
genotype was 60.38% (32 of 53 VacA +ve cases).
Particular VacA genotypes have been considered
markers for the pathogenicity of individual H. pylori
strains since production of cytotoxin in vitro, epithelial
damage in vivo and the development of peptic ulcer
disease are related to specific VacA genotypes. The
elevated toxicities of s1 strains may contribute to the
development of ulcerations. Indeed, VacA s1 strains
secrete larger amounts of cytotoxin than VacA s2 strains
in vitro, the latter supposedly being less virulent.[35,36]
Indeed, carrying H. pylori with the VacA s1 or s1m1
genotype significantly increased the risk of peptic ulcer or
gastric cancer compared with gastritis alone.[37]
Our study revealed that gastric infection with H. pylori
strains containing type s1 VacA alleles is associated with a
higher risk for development of peptic ulcer disease
(OR=7.15, 95% CI=1.91, 26.79,P=0.002) and gastric
malignancy (OR=33.73, 95% CI=1.52, 750.35, P=0.010)
than infection with strains containing type s2 VacA alleles.
Several reports suggested a higher prevalence of the VacA
s1 allele in patients with PUD and duodenal ulcers.[38, 39]
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Our results showed that there was insignificant
relationship (p=0.81) between the VacA m1 genotype and
the development of PUD or gastric malignancy. Studies
from Iraq, Kuwait, Jordan, Israel and Iran did not show
any association between VacA s and m genotypes and
gastroduodenal diseases.[40,41]
CONCLUSION
Our study showed that CagA and VacA s1 variant are
associated with more severe disease outcome in Egypt.
In addition, we demonstrated that the relatively low
percentage of VacA s1 allele in Egypt may be one of the
causes of the low prevalence of gastric cancer despite
high prevalence of CagA in H.pylori infected Egyptian
patients.
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